The efficacy of prophylactic mastectomy in reducing the incidence of breast cancer is well established (1-4). Recent data from the Surveillance, Epidemiology, and End Results (SEER) Program of the National Cancer Institute show that women with unilateral breast cancer are increasingly seeking contralateral prophylactic mastectomy (CPM) (5). However, most women with unilateral breast cancer will not develop contralateral breast cancer during their lifetimes (2,6) and hence will derive no benefit from CPM (7). Furthermore, the potential benefit of CPM in reducing breast cancer mortality has not been adequately studied.
The efficacy of prophylactic mastectomy in reducing the incidence of breast cancer is well established (1) (2) (3) (4) . Recent data from the Surveillance, Epidemiology, and End Results (SEER) Program of the National Cancer Institute show that women with unilateral breast cancer are increasingly seeking contralateral prophylactic mastectomy (CPM) (5) . However, most women with unilateral breast cancer will not develop contralateral breast cancer during their lifetimes (2, 6 ) and hence will derive no benefit from CPM (7) . Furthermore, the potential benefit of CPM in reducing breast cancer mortality has not been adequately studied.
In a study of 148 BRCA1 and BRCA2 mutation carriers with unilateral breast cancer, patients who underwent CPM had improved overall survival but did not have improved breast cancer-specific survival (8) . The improvement in overall survival came from a reduction in the number of ovarian cancers in the CPM cohort. After adjustment for bilateral prophylactic oophorectomy, no overall survival benefit was observed in patients who underwent CPM.
In contrast, another study showed that CPM was associated with a 43% relative (3.7% absolute) (hazard ratio [HR] for death = 0.57, 95% confidence interval [CI] = 0.45 to 0.72) reduction in the risk of death from breast cancer compared with a matched cohort of women who did not undergo CPM (6) . However, the CPM cohort also had lower all-cause mortality (HR for death = 0.60, 95% CI = 0.50 to 0.72), raising the possibility that selection bias for an overall healthier cohort of patients was attributable to this association. Furthermore, analyses did not include adjustment for variables that may influence the decision to undergo CPM, such as age, stage of disease, and tumor histology (6) . Because CPM is performed in breast cancer patients with heterogeneous characteristics, we hypothesized that the survival benefits of CPM are influenced by patient and tumor factors. To test this hypothesis, we examined the association between CPM and breast cancer-related survival among women with localized breast cancer within the SEER registry. 
Background
Despite increased demand for contralateral prophylactic mastectomy (CPM), the survival benefit of this procedure remains uncertain.
Methods
We used the Surveillance, Epidemiology, and End Results database to identify 107 106 women with breast cancer who had undergone mastectomy for treatment between 1998 and 2003 and a subset of 8902 women who also underwent CPM during the same period. Associations between predictor variables and the likelihood of undergoing CPM were evaluated by use of x 2 analyses. Risk-stratified (estrogen receptor [ER] status, stage, and age) adjusted survival analyses were performed by using Cox regression. Statistical tests were two-sided.
Results
In a univariate analysis, CPM was associated with improved disease-specific survival (hazard ratio [HR] of death = 0.63, 95% confidence interval [CI] = 0.57 to 0.69; P < .001). Risk-stratified analysis showed that this association was because of a reduction in breast cancer-specific mortality in women aged 18-49 years with stages I-II ER-negative cancer (HR of death = 0.68, 95% CI = 0.53 to 0.88; P = .004). Five year-adjusted breast cancer survival for this group was improved with CPM vs without (88.5% vs 83.7%, difference = 4.8%). Although rates of contralateral breast cancer among young women with stages I-II disease undergoing CPM were independent of ER status, women with ER-positive tumors in the absence of prophylactic mastectomy also had a lower overall risk for contralateral breast cancer than women with ER-negative tumors (0.46% vs 0.90%, difference = 0.44%; P < .001).
Methods

Data Source and Case Identification
Data from SEER, release 2008, were used for this study (10) . Because this study used preexisting data with no personal identifiers, it was exempt from review by our institutional review board. SEER registry patients who were eligible for this cohort included cONteXt AND cAVeAtS
Prior knowledge
To prevent subsequent breast cancer, some women with cancer in one breast will have the other breast surgically removed. Whether this treatment increases a woman's lifespan is unknown.
Study design
Population study of US women who had mastectomy (removal of the breast) during 1998-2003 for breast cancer and contralateral prophylactic mastectomy (removal of the other breast) during the same period. The associations of contralateral prophylactic mastectomy on breast cancer-specific survival were estimated, with further analyses by age, disease stage, and estrogen receptor status.
Contributions
Contralateral prophylactic mastectomy was associated with improved breast cancer-specific survival. This association was observed mainly among younger women (aged 18-49 years) with early-stage (I-II) estrogen receptor-negative breast cancer, whose 5-year breast cancer-specific survival rate increased by almost 5%.
Implications
Contralateral prophylactic mastectomy is associated with a small increase in 5-year breast cancer-specific survival, particularly among younger women with early-stage estrogen receptornegative tumors.
Limitations
As an observational study, the results are subject to a variety of confounding factors, such as selection bias. The data used in the study were limited in terms of patient and tumor factors, such as BRCA mutation status, family history, and chemotherapy, which might affect the results. (11), because SEER does not include data elements that would permit stage reassignment from the AJCC, 6th edition, for patients diagnosed during the study period. Only patients for whom the index breast cancer was the first cancer diagnosed were included. Exclusion criteria included age younger than 18 years or older than 90 years, lack of histological confirmation, lack of information on tumor size, presence of distant metastasis, lobular carcinoma in situ histology, bilateral involvement at presentation, and diagnosis not microscopically confirmed. Patients were also excluded if the cancer-reporting source was a nursing home, hospice, autopsy report, or death certificate because these patients would not have been likely to receive cancer-directed therapy. In addition, only patients whose breast cancer was treated with total mastectomy or modified radical mastectomy were included in the analysis. The stepwise case selection criteria are listed in Table 1 .
From the Editors
Prophylactic mastectomy patients were defined as those who underwent total (simple) mastectomy or modified radical mastectomy with removal of the uninvolved contralateral breast. Patients who had undergone the same index procedures without removal of the contralateral breast constituted the comparison group. Tumor grade was classified as well differentiated (grade 1) vs moderately differentiated (grade 2) vs poorly differentiated (grade 3) vs undifferentiated (grade 4). Lymph node status was classified as negative vs one to three positive lymph nodes vs four or more positive lymph nodes, to be consistent with clinical practice.
Contralateral breast cancer events were identified as metachronous primary breast cancers within the contralateral breast by following the index diagnosis among patients with the same SEER registry identification number. Breast cancer events occurring within 2 months of diagnosis of the index cancer or on the same side as the index cancer were considered synchronous cancers and not included in the determination of contralateral breast cancer risk.
Statistical Analysis
Baseline patient and tumor characteristics were compared by use of the x 2 test to identify associations between predictor variables and the likelihood of undergoing CPM. The SEER registry codes cause of death; therefore, we used SEER data through December 31, 2005, to evaluate breast cancer-specific survival. Patients were censored if death was from a cause other than breast cancer or if the patient was alive at last follow-up. Although patients with stage 0 breast cancer (ductal carcinoma in situ) were included in the selection criteria, the data from this group of women were used only for characterization of the CPM cohort; all survival analyses were limited to women with stages I-III breast cancer. Disease-specific survival outcomes were estimated by use of the Kaplan-Meier method, and univariate comparisons were performed by use of the log-rank test. Noncancer cause of death, with censoring for cancer-specific mortality, was also evaluated to compare the different risk strata and to evaluate the effect of incompletely adjusted selection bias on the performance of CPM and, consequently, survival outcomes. In addition, we evaluated relative survival proportions as an indirect method of evaluating cancer-specific survival to confirm our findings (12) . Relative survival was calculated as the ratio of the observed survival to the expected survival for the US general population, individually matched for age, sex, and the year in which the patient was been diagnosed with breast cancer. Expected survival for the US population were obtained from Human Mortality Database (http:www.mortality.org) (13). Cox proportional hazards regression with censoring for non-breast cancer-related causes of death was performed to adjust for covariate effects. The final regression model to determine the effect of CPM on survival was constructed by use of stepwise forward selection with switching accounting for clinically relevant variables (CPM not performed vs CPM performed; 18-49 vs 50-59 vs 60-90 years; non-Hispanic white vs Hispanic white vs black vs Asian or Pacific Islander vs Other; stage 0 vs I vs IIA vs IIB vs IIIA vs IIIB; lymph node negative vs one to three positive vs four or more positive; tumor grade 1 vs 2 vs 3 vs 4; estrogen receptor [ER] positive vs ER negative; nonlobular vs lobular histology; first tumor diagnosis yes vs no) and the maximum likelihood function of the model. We evaluated the goodness of fit of the Cox model with Arjas plots after grouping into quintiles of risk (14) . Risk-stratified regression analysis was performed to separately evaluate the effect of CPM within different age (18-49 vs 50-59 vs 60-90 years), stage (I/II vs III), and ER status (ER positive vs ER negative) groups within the final model. A multivariable analysis of relative survival was performed by use of the generalized linear models with a Poisson assumption for the observed number of deaths (15) .
Statistical analyses were performed by use of Stata MP version 10.0 (Stata Corp, College Station, TX). SAS version 9.13 SP4 (SAS Institute, Cary, NC) was used for data retrieval and cleaning from SEER. A two-sided P value of less than .05 was defined to be statistically significant.
results
Review of the SEER data revealed a total of 311 643 cases of breast cancer diagnosed during the 6-year period of the study (1998) (1999) (2000) (2001) (2002) (2003) . After selection of patients with unilateral breast cancer who underwent mastectomy for treatment of their index carcinoma and met inclusion criteria, 107 106 patients remained for analysis. Of these patients, 8902 (8.3%) also underwent CPM. Median follow-up was 47 months.
Characteristics of patients who underwent CPM and those who did not were statistically significantly different (Table 2) . Patients who elected CPM were more likely to be younger and to have earlier-stage disease (P < .001 for each). The percentage of women within each race and/or ethnicity who underwent CPM was greater among non-Hispanic white patients (9.5%) than among Hispanic white (5.4%), black (4.5%), or Asian or Pacific Islander (4.6%) patients (P < .001).
In a univariate analysis, CPM was associated with improved disease-specific survival for women with stages I-III breast cancer (HR of death = 0.63, 95% CI = 0.57 to 0.69; P < .001) ( Table 3) ; women with stage 0 breast cancer were excluded from survival analyses. Other variables that were associated with disease-specific survival were disease stage, lymph node status, tumor grade, ER status, race and/or ethnicity, histology, and age (P < .001 for each). In a Cox model, CPM remained associated with improved diseasespecific survival (Table 3) . Because we had determined that multiple covariates were important predictors for the performance of CPM (Table 2) , we adjusted for these covariates-age, race and/or ethnicity, stage, lymph node status, tumor histology, grade, and ER status-in the survival analysis. In multivariable analysis, disease stage, lymph node status, tumor grade, ER status, race and/ or ethnicity, histology, and age remained statistically significantly associated with survival outcome (P < .001 for each, Table 3 ).
To consider the possibility that the improved breast cancerspecific survival that was associated with CPM reflected a selection bias for an overall healthier patient cohort (16), we evaluated cancer-specific and non-breast cancer causes of death among agestratified cohorts (Figure 1) . On adjusted analysis, we found that the cancer-related survival associated with CPM declined with age, with women younger than 50 years having a modest risk reduction (HR of death = 0.84, 95% CI = 0.72 to 0.97; P = .02) and with those older than 60 years having no risk reduction from CPM (HR of death = 0.88, 95% CI = 0.75 to 1.03; P = .13). Conversely, among young women, there was no association between CPM and noncancer causes of death (HR of death = 0.62, 95% CI = 0.36 to 1.06; P = .09), whereas a strong association was observed for women older than 60 years (HR of death= 0.63, 95% CI = 0.53 to 0.74; P < .001). For women between the ages of 50 and 59 years, CPM was associated with both an improved cancer-specific and noncancer survival (HR of death = 0.79, 95% CI = 0.66 to 0.95, P = .01; and HR of death = 0.53, 95% CI = 0.32 to 0.87, P = .01, respectively). These data strongly suggest that with increasing age, a bias exists for selecting a healthier cohort of women for CPM.
From our analysis of noncancer mortality, it was clear that simple adjusted analysis was insufficient to explain the findings, and we further tested our hypothesis that the survival benefits associated with CPM are influenced by patient and tumor factors by performing risk-stratified multivariable regression analyses. Given the importance of age on clinical decision making, disease stage on survival, and the importance of ER status as an indication for hormonal therapy, we stratified patients on the basis of these three risk factors.
We found that in patients diagnosed before age 50 years, those with stage I or II ER-negative breast cancer had a reduction in the risk of disease-specific mortality associated with CPM (HR for death = 0.68, 95% CI = 0.53 to 0.88; P = .004) (Figure 2) . A similar association was not seen among young women with early-stage ER-positive breast cancer (HR for death = 0.88, 95% CI = 0.66 to 1.17; P = .38). These reductions translated into an increase in 5 year-adjusted breast cancer-specific survival of 4.8% (88.5% vs 83.7%) in favor of CPM among the young, early-stage, ER-negative group compared with 0.5% (96.4% vs 95.9%) among their ER-positive counterparts (Figure 3) .
In older patients, we found no reduction in breast cancerrelated death associated with CPM in any of the subgroups of women older than 60 years ( Figure 2 ). Among women between the ages of 50 and 59 years, CPM was associated with improved breast cancer-specific survival for women who had early-stage ER-negative disease (HR for death = 0.66, 95% CI = 0.45 to 0.97; P = .04) and those with later-stage ER-positive disease (HR for death = 0.54, 95% CI = 0.32 to 0.92; P = .02). These findings likely reflect the mixed effects of a true association with CPM and unexplained model variance that are caused by differences in the health status among women in this group. No association was observed between CPM and survival among patients with ductal carcinoma in situ, and thus, this subgroup was excluded from further analysis (data not shown). Similarly, no association was observed between CPM and survival in patients with pure lobular histology in the index breast (data not shown). This result is consistent with more contemporary data that suggest no differences in contralateral breast cancer rates between women with invasive ductal and invasive lobular tumor histology (17). Given the potential limitations of SEER in coding for cause of death, we further examined the robustness of our findings by performing a risk-stratified analysis of the association of CPM with relative survival (Table 4) to compare the survival of the breast cancer cohorts (stages I-III only) identified through the SEER database against the general population free of cancer. Again, we found that for young women with early-stage ER-negative breast tumors, CPM was associated with an improvement in relative survival (HR for death = 0.69, 95% CI = 0.53 to 0.89; P .005). In addition, for all subgroups, the directionality of the hazard ratios for breast cancer-specific and relative survival and the relative magnitude of the associations were similar to those observed for breast cancer-specific survival. These findings suggest that the limitations associated with SEER cause of death coding did not influence the associations that we observed between CPM and disease-specific survival.
Last, we examined the rates of contralateral breast cancer among young women with early-stage ER-negative disease. In this group, the cumulative incidence of contralateral breast cancer was 0.90% in women who did not undergo CPM and 0.16% in women All P values were calculated using Cox regression with the Wald test for significance. All P values were two-sided. CI = confidence interval; CPM = contralateral prophylactic mastectomy; ER = estrogen receptor. † All P values were less than .001. ‡ P = .97. § P < .01
who did undergo CPM (P = .05) ( Table 5 ). Among young women with early-stage ER-positive cancer, the rates of contralateral breast cancer were similarly low for those who had undergone CPM (0.13% vs 0.16%, P = .90), and rates were also lower in the absence of CPM (0.46% vs 0.90%, P < .001). This lower baseline risk of contralateral breast cancer may account for the lack of benefit associated with CPM in young women with early-stage ER-positive disease. 
Discussion
Prophylactic mastectomy has consistently been shown to reduce the risk of breast cancer. However, despite a greater than 90% relative reduction in the odds of developing breast cancer, it has been estimated that most women undergoing prophylactic mastectomy will derive no survival benefit (7) . Using data from the SEER registry, we have demonstrated an association between CPM and improved survival among a subgroup of women with breast cancer. This association was most clearly observed among women younger than 50 years with early-stage ER-negative tumors.
Our results are consistent with several corollary reports in the literature. First, without any prevention strategies, women with breast cancer are estimated to have a constant annual risk for a subsequent primary breast cancer of 0.5% to 1% (18) (19) (20) . Our observation of a reduced breast cancer-specific mortality associated with CPM in younger women (18-49 years) may thus be due in part to the larger absolute lifetime risk of metachronous contralateral breast cancer combined with low probability of competing causes of death. In intermediate-age patients (50-59 years), any potential benefit associated with CPM will be more greatly influenced by their remaining time at risk during their life expectancy horizon.
Second, our findings are consistent with the established role of antiestrogen therapy in reducing the risk of contralateral breast cancer. Tamoxifen therapy is effective in reducing the risk of contralateral breast cancer by approximately 50% (21) . For postmenopausal women, aromatase inhibitors increase this benefit even further (22) . Although our analysis could not directly incorporate use of antiestrogens, our finding that women with ER-positive disease had a 50% reduction in rate of subsequent contralateral breast cancer compared with women with ER-negative disease is consistent with the known clinical benefits of tamoxifen therapy.
Finally, our observation that disease stage at presentation affects the survival benefit that is associated with CPM supports the importance of considering the competing risk of death from the index carcinoma. Our data suggest that the risk of death from a second contralateral breast cancer is outweighed by the risk of death from the initial breast cancer in women who are diagnosed with locally advanced (stage III) disease. Important in our study is that stratification by the three risk categories-age younger than 50 years, ER-negative disease, and stage I or II disease-identified the primary group in which a survival benefit associated with CPM was observed. Thus, a high, absolute lifetime risk of contralateral breast cancer, lack of availability of chemoprevention options, and a low risk of death from the index tumor combined create the optimal conditions under which to consider CPM. It is of interest that we saw a statistically significant association between CPM and breast cancer survival despite relatively short follow-up. With longer durations of follow-up, we anticipate that the degree of benefit associated with CPM in ER-negative breast cancer patients will increase. Whether longer follow-up would demonstrate a benefit associated with CPM among women with ER-positive tumors is difficult to speculate and will likely be linked to age at presentation and duration of antiestrogen therapy. Trends toward longer durations of treatment, particularly in perimenopausal patients, may offer continued substantial protection against a second contralateral breast cancer event, thus offsetting any benefit associated with CPM over time. * Estrogen receptor unknown and stage 0 were not included in this analysis. All P values were calculated using general linear model. All statistical tests were two-sided. CI = confidence interval; HR = hazard ratio. † Hazard ratios for survival among patients who did or did not undergo contralateral prophylactic mastectomy, adjusted for number of positive lymph nodes, tumor grade, race, tumor histology, and first tumor indicator.
Our finding that CPM was associated with an improvement in noncancer survival in women older than 50 years also highlights the complex interplay between health status and the performance of CPM. Therefore, whether our findings of CPM-associated cancer-specific survival benefit among young women with earlystage ER-negative breast cancers can be extended to any of the women older than 50 years is uncertain.
This study has several limitations. Although our study shows that CPM is associated with improved disease-specific survival, SEER collects only limited information on patient and tumor factors. Therefore, we were not able to incorporate more precise risk measurements for development of contralateral breast cancer, such as the presence of BRCA1 or BRCA2 mutations or a high-risk family history. In addition, data regarding chemotherapy are not available from SEER and thus could not be evaluated in our model. However, on the basis of guidelines from the National Comprehensive Cancer Network during the study period, the majority of young women with ER-negative stage I or II breast cancer would be expected to have received chemotherapy (23, 24) (www.nccn.org version 2, update 2008). Third, we were not able to incorporate into our analyses the method of detection of the index breast cancer (eg, by mammogram or clinical examination) as a separate variable as this information is not available within the SEER dataset. Because women with mammogram-detected breast cancers have been shown to have better survival outcomes even after adjusting for stage (25) , it is possible that related bias in our cohort may have influenced the results. Last, with the median actual follow-up duration for the study cohort of 47 months, and the potential for patient migration out of SEER regions after their index cancer diagnosis, our study may have underestimated the true contralateral breast cancer rate in the cohort. This, in addition to other unexplained variance in the model (such as treatment disparities), may account for the observation that the adjusted absolute survival benefit associated with CPM among young women with ER-negative breast cancer exceeded the absolute reduction in contralateral breast cancer risk. However, the survival analysis is less affected by such factors and with longer follow-up, and the contralateral breast cancer rates along with differences in survival between the risk groups are expected to be greater.
There are limitations to simple covariate adjustment for examining survival outcomes after CPM, including selection bias for the procedure (26) . We attempted to address these limitations by performing risk stratification to identify the subcohorts who did and did not show associated benefit from CPM and by examining the association of CPM and survival from non-breast cancer causes of death as an indicator of the overall health of the patients. Furthermore, to ensure that potential errors in cause of death coding within SEER did not bias the results, we also performed relative survival analysis and confirmed the validity of our observations. Finally, our analyses characterize and highlight the associations between the use of CPM and breast cancer survival among population-based cohorts. Our observation that the association between CPM and survival is most relevant among young women with early-stage ER-negative breast cancer is consistent with the survival benefit of CPM being inversely related to the risk of death from the index cancer and directly related to the cumulative lifetime risk of death from a contralateral breast cancer event. The analyses have been performed to account for as many potential influences on outcomes as possible within the available data, and the results are internally consistent across a number of different approaches to the data, which suggest robustness of our findings. However, despite these efforts, a causal relationship between survival and CPM cannot be proved, that is only possible in a randomized controlled trial, unlikely to be completed in the foreseeable future. 
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